Ore minerals have been the resource base for all metal used by humankind since the dawn of history. Total world production of refined metals has been approximately 62 billion tonnes, and today, annual production exceeds 1.3 billion tonnes. Ore minerals, whether concentrated in ore deposits or dispersed as accessory minerals, can provide valuable information on the origins, histories and, in some case, futures of the metals. The same metals that serve society in myriad uses also have the potential to become major pollutants if released into the environment by combustion or weathering. The textures preserve a record of the means by which the minerals formed, provide insights as to the effective means of extracting the metals, and yield clues as to the future release of some metals. Each texture tells a tale with regard to origin, use, and future of the metal-bearing phases. Understanding these tales requires careful sampling, preparation, analysis, and interpretation. The techniques of analysis and interpretation of ore minerals may also be applied to such anthropogenic materials as artifacts and potential pollutants.
INTRODUCTION
Ore minerals, those metal-bearing minerals that we can either use directly for their metal content (such as native copper) or from which we can extract metals through a variety of processes, have served humankind beneficially for more than 10,000 years. Throughout history, humans have refined a total of approximately 62 billion tonnes of metals and are currently producing more than 1.3 billion tonnes of metal per year (Craig 2001 , U.S. Geological Survey 1999 . However, ore minerals are not just valuable as sources of metals; these minerals may also be viewed as environmental pollutants responsible for the generation of acid mine-waste runoff, for production of acid rain, and for the release of various toxic metals into the environment. Metals may be released during weathering of ore minerals, during combustion of coal that contains metal-bearing minerals, or as losses during smelting processes (such as recently documented losses of copper, nickel and other metals from smelters in the Norils'k area in Russia by Stumpfl et al. 1997) . Furthermore, metallic minerals may be generated as products of corrosion on, and in some cases cause the destruction of, human structures and artifacts; such materials are well known to archeologists who have encountered them as coatings on metallic implements (Scott 1991) .
THE TALES THAT ORE MINERALS CAN TELL
Ore minerals, whether in economic deposits or dispersed in non-economic concentrations, provide evidence of geological processes active in the past. If one views formations and deposits (veins, massive sulfides, etc.) as pages of a book, the ore minerals may be viewed as words on the page, revealing information on their origin and their life history. In some instances, the words are clear and straightforward, but in other contexts they are much more like crossword puzzles or ciphers. Edgar Allen Poe's "The Gold Bug" is a story in which it is necessary to solve a cipher in order to locate a buried golden treasure; in a similar manner, the textures of the ore minerals (and many minerals as well) may be read as ciphers that can offer information on the location and nature of treasures of gold and other metals. Paul Barton (1991) has noted that "ore deposits are among the most complex inorganic features of our planet." In his insightful work, he goes on to state that "the interpretation of textures is one of the most difficult, yet important, aspects of the study of rocks and ores, and there are few areas of scientific endeavor that are more subject to misunderstanding." Furthermore, the "ore minerals" (roughly synonymous with "opaque minerals") are integral, if minor, components of many types of rocks, and provide potential petrogenetic information there as well as in ore deposits. Geologists tend to think of the tales in rocks and minerals as only those from the past. However, the high reactivity of some ore minerals en-with samples over a range of perhaps five orders of magnitude, 10 cm to 1 m. One can encounter larger grain-sizes, but they are uncommon in dealing with the ore minerals, and smaller grain-sizes require non-optical instruments such as the scanning electron microscope, electron microprobe or atomic-force microscope. Characterization at all scales is ideal because largerscale features commonly provide a context to help interpret smaller-scale features and vice versa. A good example of the extremes of scale is evident in the pyrite samples of Figure 1 , where grain sizes range from about 10 cm to approximately 1 m. It is important to note that the size of grains is vital in interpreting growth histories of ores and in predicting the degree of liberation and potential recovery of minerals during processing. The complexity of ores varies widely (Figs. 2a, b) and is rarely discernable to the naked eye, but can generally be determined rapidly using conventional reflected-light microscopy.
Nonterrestrial minerals and synthetic analogues of ore minerals are equally amenable to study and textural interpretation using reflected light microscopy. Whether it is a sample from the Moon (Fig. 3a) or an ancient Roman slag (Fig. 3b) , the minerals and phases are identifiable and interpretable. The extension of ore microscopy and textural analysis to anthropogenic materials immediately increases dependence upon analytical techniques, because human activities commonly bring together elements that do not have natural geochemical affinities.
Intergranular relationships
The relations of grains of various minerals in an ore can have profound effects upon the ease and completeness with which the minerals may be separated into mineral concentrates; such relations may also reveal a great deal about the origin of the ores and their postdepositional history. The first point is easily illustrated by comparison of the two samples shown in Figures 4a  and 4b . The former shows a typical example of "chalcopyrite disease", in which finely dispersed grains of chalcopyrite and pyrrhotite are disseminated throughout sphalerite. This texture was long interpreted as resulting from exsolution of a previously existing single homogeneous phase that had undergone unmixing during cooling. However, it seems that there is not a single mechanism by which all samples of chalcopyrite disease have formed; instead, whereas coprecipitation and secondary alteration are responsible for many samples FIG. 1. The grain sizes of ore minerals vary over several orders of magnitude, as illustrated by pyrite, the most abundant of the sulfide minerals. The 10 cm pyrite crystal in (a) is approximately 100 times larger than the more typical 1 millimeter grains in (b), and 100,000 times larger than the 1 m grains in (c). The finest grain-sizes form typically under low-temperature conditions, whereas the largest grains form under higher-temperature and higher-pressure conditions. Samples shown in (a) and (b) are from Ducktown, Tennessee, and that in (c) is from McArthur River, Australia. a c b (Barton & Bethke 1987) , exsolution also is responsible for at least some of the textures (Mizuta & Scott 1997) . Figure 4b , shown at the same magnification and with a quite similar bulk-ore composition as the material in Figure 4a , is different in that it contains much larger grains that are virtually free of inclusions. Bulk chemical analysis of the two samples would give similar results; only careful textural examination reveals the differences that will be found in the concentrates.
Figures 5a and 5b show gold-bearing ores that tell another tale of the potential for metal recovery. The gold in Figure 5a occurs as relatively large grains and lies along the boundaries between arsenopyrite and pyrrhotite. Even relatively limited milling of the ores would either liberate the grains of gold to allow gravitational separation, or expose the gold for easy dissolution by cyanide treatment. The gold in Figure 5b is both much smaller and is held completely within pyrite. The same degree of milling that would effectively expose the gold in Figure 5a would have a much lower likelihood of liberating or exposing the gold in this "refractory" ore; more milling is needed, or gold recovery will be significantly lower.
Paragenetic interpretations
Intergranular relations and textures may also yield considerable information on the paragenetic history of an ore; in some cases, single grains can yield considerable information. The sample of bravoite, in Figure 6 , presents a textural record of the changing nature of the ore-forming fluid throughout the time of bravoite precipitation, in much the manner in which the growth rings in a tree record information about conditions of growth. Most grains of pyrite do not contain sufficient minor cations to reveal optical zonation as does bravoite, but some do still contain subtle growth-textures that can only be seen with careful use of etchants, as is illus- The presence of chalcopyrite disease in a sample from Wheal Jane, Cornwall, U.K., may give information on the origin of the ores, and clearly indicates that it will be difficult, if not impossible, to prepare clean concentrates for copper and zinc. In contrast, the coarse-grained pyrite (py) -sphalerite (sph) -galena (gn) ore in (b), from the Black Angel mine, Greenland, will easily separate to yield clean concentrates of each mineral. For both samples, the field of view is 0.8 mm.
FIG. 5. Gold recovery is affected not only by grain size, but also by the location of the gold grains in the ore-mineral assemblage. The brighter grain of gold (a) from the Homestake mine, South Dakota, lies along the boundary of an arsenopyrite grain and quartz, where fracturing will readily release or expose it. In contrast, the fine grains of gold (Au) completely enclosed within the pyrite of the Haile mine, South Carolina, in (b) will be much more difficult to recover because they are not likely to be exposed by fracturing. The width of field for (a) is 0. The examples cited above likely represent more-orless continuous deposition from solutions that were changing in terms of available metals and, possibly, temperature. In contrast, many ores bear testimony to precipitation from multiple generations of distinctly different fluids. Figure 8a shows the presence of a second episode of mineralization in which a cross-cutting vein of native silver was deposited after the initial phase of mineralization had deposited chalcopyrite and bornite. Similarly, Figure 8b , shows that a later generation of mineralizing fluid was responsible for the recrystallization of microcrystalline "gel pyrite" into larger grains of pyrite and marcasite, and the deposition of veinlets of cross-cutting siderite hosting gold.
Internal change in texture
Textural change associated with paragenetic change of the type described above accompanies changes in bulk compositions of ores, as new elements and minerals are introduced or removed. In contrast, some ore minerals undergo marked textural transformation, with no change in bulk chemical composition, merely as the result of re-equilibration during cooling. Among the best known is the exsolution of pentlandite from nickel-bearing monosulfide solid-solution (essentially a high-temperature pyrrhotite) in Sudbury-type magmatic nickel ores to form "flames" (Fig. 9a ). Subsequent to early fine-scale exsolution, continued diffusion of nickel results in development of more-or-less continuous coarser-grained chains or veinlets of pentlandite at the margins of the host pyrrhotite. Another common example of exsolution from a previous higher-temperature homogeneous phase is that of bornite and chalcopyrite (Fig. 10a ). Attempts to quantify initial temperatures of formation or rates of cooling of this mineral assemblage on the basis of the lamellae have generally been unsuccessful, but the texture does show evidence of the pre-existing single phase. Among the oxide ore minerals, exsolution textures of iron and titanium oxides are probably the most common. Hematite and ilmenite form a continuous solid-solution series at high temperature, as do magnetite and ulvöspinel. Cooling may result in simple but characteristic exsolution of lenses of hematite and ilmenite ( Fig. 10b) and, more rarely, thin lamellae of ulvöspinel from magnetite. The formation of ilmenite laths in magnetite (Fig. 10c) is a more complex tale in that it records oxidation of the titanium-bearing magnetite in order for the ilmenite to form (instead of ulvöspinel). FIG. 7 . In some cases, the information held in minerals is more easily exposed if the grains are etched. Etching of pyrite grains in (a) (with hydrogen peroxide) reveals welldeveloped growth banding in (b) that was only faintly visible during initial polishing. Minor differences in hardness, the number of structural defects in the mineral structure, and minor differences in chemical composition are often easily exploited by etchants to reveal otherwise invisible textures. The width of field of view is 1.2 mm.
FIG. 6. Bravoite, such as this from Maubach, Germany, commonly contains a vivid record of growth histories in the purple-to-gray banding that results from the incorporation of cobalt and nickel available as they formed. The width of the field of view is 0.4 mm.
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Replacement and oxidation phenomena
Studies of ore deposits have shown many times that ore-forming processes are commonly not single events, but rather result from a series of episodes of fluid mobility, transporting metals into (and possibly out of) small regions of the Earth's crust. Accordingly, many ores bear evidence of significant modification since the time of their formation. Figure 11a shows original wood structure that has been replaced sequentially by pyrite, now defining the open cellular structure, and chalcocite, now defining the intervening rigid cellulose, as fluids percolated through a typical "red-bed" copper deposit where buried organic matter was replaced through the action of low-temperature metal-bearing fluids. Figure 11b shows pyrite that was deposited early in the formation of a skarn deposit, and then was nearly completely replaced by magnetite as later fluids became more oxidizing. Figure11c shows a roughly equant grain of pyrite that was deposited by hydrothermal fluids, was subsequently fractured, and then was partially replaced by interaction with copper-rich fluids; these fluids deposited bornite around the pyrite crystal, but deposited only chalcopyrite in microenvironments within the py- rite crystal, where the activities of iron and sulfur were maintained at much higher levels by the presence of the reacting pyrite. Deciphering the tales told by replacement and oxidation textures requires both caution and special consideration of the spatial context, because the reactions are generally selective in the minerals affected and because the reactions commonly are localized within a deposit. This is commonly seen where oxidation affects only the shallower parts of orebodies. Less obvious, but also important, are replacement reactions that are localized in cases where later generations of ore-bearing fluids affect only certain parts of ore deposits. It is commonly presumed that oxidation of ores is generally detrimental because it alters the nature of the minerals and reduces either the metal content or makes recovery more difficult. Although oxidation has reduced the value of some ores, it has certainly enhanced the value of others by forming enriched supergene zones; this is especially true in many presently mined porphyry-copper ores. Oxidation also can play a role in the enhancement of sedimentary placer ores (Figs. 12a, b) . Much of the titanium produced today is derived from sedimentary deposits that formed by accumulation of accessory ilmenite and rutile grains weathered out of igneous and metamorphic rocks. When first formed, many of these mineral grains had exsolution lamellae of hematite within ilmenite (Fig. 10a) . During weathering, erosion, and transport of the grains, hematite, which has a higher solubility than ilmenite, is commonly preferentially removed. Some grains (Fig. 12a ) still retain some of the original hematite in their core even though the hematite nearer the edges has largely been removed. Figure 12b shows the complete removal of hematite, even though the texture retains evidence of its previous existence in the sample. Removal of hematite increases the value of the ore minerals because it results in a relative increase in the titanium content of the mineral grains.
Deformation and metamorphism
Many ore minerals have been subjected to thermal and deformational processes. In many instances, deformation and heating obliterate (or greatly attenuate) earlier textures that could have served in deciphering the genesis of the original ore. However, careful examination, especially of the more refractory minerals, may yield evidence of metamorphism and pre-metamorphic history of the ore. The response of individual ore minerals to deformation varies widely, depending on the conditions of deformation and on their own physical properties (e.g., pyrite is much harder than most other sulfides and withstands deformation, whereas softer minerals flow plastically or are dissolved by pressure solution). Kelly & Clark (1975) showed that the strengths of several of the common sulfide minerals decrease significantly as temperature rises, making them more susceptible to plastic deformation at higher grades of metamorphism. More refractory sulfide and oxide minerals retain their strength in spite of rising temperature at most moderate metamorphic grades and are thus more likely to survive periods of deformation and to retain physical and chemical textures. In contrast, softer minerals, particularly sulfides, are more likely deform and hence erase original textures that had been preserved in them. Vokes (1969) introduced the wonderfully descriptive term of "Durchbewegung" to describe ore textures in which penetrative deformation has thoroughly kneaded the ore and completely obliterated any original textures. FIG. 12 . The ilmenite grains that occur in placer titanium deposits commonly contain ilmenite-hematite exsolution intergrowths of the type shown in Figure 10 . The weathering of these grains results in the selective removal of hematite as shown in (a) until the only evidence of the pre-existing hematite is the presence of voids that preserve the texture as shown in (b). The width of the field of view is 0.8 mm in each case.
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Just as ore minerals respond differently to deformation, so they respond differently to prolonged periods of heating, which can result in significant recrystallization. Barton (1970) presented a qualitative but highly informative diagram depicting general rates of equilibration of several ore minerals; it showed that equilibration is highly temperature-dependent and that, in general, more metal-rich sulfides (such as pyrrhotite or chalcocite) tend to equilibrate much more rapidly at any given temperature than do sulfur-rich sulfides (such as pyrite). Thermal recrystallization of polycrystalline masses commonly allows pyrite crystals to assume euhedral forms (Fig. 13a) , whereas monomineralic masses tend to recrystallize with 120° grain-boundaries. Oxide minerals, such as hematite (Fig. 13b ) may be more resistant to recrystallization, but may still show evidence of deformation in the form of well-defined twin-lamellae. Although metal-rich sulfides tend to recrystallize rather easily, they may retain significant strain-induced features if they have not experienced metamorphic heating after deformation at relatively low temperature. Thus, a few grains of pyrrhotite retain welldeveloped kink-banding (Fig. 13c) . The kink-banding occurs adjacent to a large grain of undeformed pyrite, which apparently served as a buttress around which the pyrrhotite deformed (the kink-banding is made more visible by the presence of thin zones of mica in the pyrrhotite).
Pyrite and sphalerite
Pyrite and sphalerite are singled out for special comment because each is very widespread and because each is well-known as having the propensity of incorporating significant amounts of elements and inclusions that might contribute to understanding their histories. Pyrite is the most widespread and common of the sulfide minerals because it is composed of the most widely available siderophile metal and is stable over a very wide range of temperature, pressure, and oxygen fugacity. Sphalerite is the principal ore mineral (usually the only one today) of zinc and is one of the most common of the base-metal sulfides, occurring in many ore deposits. In contrast to pyrite, which is readily recognized by its bright brassy metallic appearance and common cubic habit, sphalerite is often difficult to recognize and identify because it occurs in a broad spectrum of colors and rarely develops characteristic crystal habits. In fact, its name derives from the Greek for "treacherous", and many mineralogists who have studied sphalerite will attest that the name is well deserved. This brief account focuses on some recent studies of pyrite and the deposits in which it occurs. McClay & Ellis (1983) , Craig & Vokes (1993) , and Craig et al. (1998) provided additional information on its physical and chemical properties. The abundance of pyrite, its generally non-economic nature, and its refractory behavior have commonly led to its being overlooked as a potential reservoir of information for interpretation of the origins of ores. However, detailed examination of pyrite shows that it commonly incorporates mineral inclusions that may yield information on the occurrence of multiple episodes of mineral-forming fluids. Thus, pyrite in Figure 14a confirms that metamorphism had reached conditions sufficient to form amphibole before pyrite growth was complete. Furthermore, the presence of helical patterns of amphibole inclusions ( Fig. 14b ; Craig et al. 1991) confirms that rotational movement was occurring during pyrite growth.
More subtle, but potentially more informative, is the observation that pyrite from many types of deposits incorporates minor elements in well-defined zones, which may be enhanced by etching or defined by electronmicroprobe-based elemental mapping. Cobalt, nickel, and arsenic are commonly present in sufficient concentrations (up to hundreds of ppm) to be mapped easily with an electron microprobe using long counting-times and very high beam-currents (Craig et al. 1998) . The pyrite of Figure 15a was deposited by fluids which, for one period transported nickel (as indicated by the white margin on earlier-formed pyrite. The pyrite formed both before and after contains much less nickel. The pyrite shown in Figure 15b recrystallized during high-grade metamorphism. An inner zone and the outer rim are enriched in arsenic and cobalt, indicating availability of these elements only during particular phases of metamorphism. This type of elemental mapping in pyrite from a Sudbury-type nickel deposit has shown that the history of cobalt availability is much more complex than previously known (Craig & Solberg 2000) .
Sphalerite has been the subject of a vast literature, but the focus here is in understanding the histories of some ore deposits. For discussions of sphalerite geothermometry, geobarometry, and speedometry, the reader is referred to summary works of Scott & Barnes (1971) , Scott (1976 Scott ( , 1983 , Barton (1978) , and Mizuta & Scott (1997) .
Sphalerite from many low-temperature deposits, especially Mississippi-Valley-type deposits, can record and retain compositional banding that reflects changes in the nature of the ore-forming fluids (Fig. 16a) . Commonly, the banding is subtle and invisible megascopically, and cannot be seen in conventional polished sections viewed in reflected light. Such fine-scale banding (Fig. 16b) is commonly only visible when viewed in transmitted light using doubly polished thin sections. The value of such delicate compositional banding in the interpretation of ore deposits was first described by Barton et al. (1977) and then first extensively demonstrated by McLimans et al (1980) . In addition to visible a b microscopic studies, element mapping (Fig. 16c ) may yield significant information on sequential incorporation of elements into sphalerite. Such chemical variations are commonly invisible in reflected or transmitted light, but may provide insights into the history of growth, the relationships between different generations of sphalerite and the irregular distribution of important trace elements. Even though sphalerite is not sufficiently refractory to retain all of the original compositional integrity in many cases, it may still provide information that is useful in interpreting the history of ore deposits. For example, the sphalerite in Figure 17 has undergone significant alteration as the result of a second generation of hydrothermal activity . The remnants of the original sphalerite appear as uniform inclusion-free zones that contain approximately 9 wt% Fe. In contrast, the altered regions are flecked with marcasite, commonly crystallographically controlled, that has formed as iron was extracted from the sphalerite and reacted with a more sulfur-rich fluid. Consequently, the altered sphalerite contains only about 0.5 wt% Fe. The altered sphalerite and secondary marcasite tell much about the nature of the later invading fluid, and the boundaries of the marcasite show the limit of fluids reaction.
Tales of gold
Gold, the very symbol of wealth, has been the focus of more of man's attention than any other metal. Unfortunately, the history of gold has been tainted with numerous schemes that have played upon the desire for rapid riches. The old definition of "a gold mine is a hole in the ground with a liar at the top" has been demonstrated far too often. The 1990s saw the most recent, and probably largest, of these schemes in the Bre-X operations at Busang, Indonesia; the complete story is well documented by Danielson & Whyte (1997) . The undoing of the scheme was in no small measure dependent on the tales told by gold textures. Primary gold deposited in all types of lode deposits is nearly always uniform in composition throughout each grain (Fig. 18a ). In contrast, numerous studies of placer gold (e.g., Groen et al. 1990 ) have shown that individual placer grains, when examined in cross section in reflected light, very commonly contain a well-developed rim of nearly pure gold extending partly or completely around a core of lower-fineness gold (Fig. 18b) . Although the mechanisms of formation remain a subject of debate, it is clear that these rims may develop in a wide variety of geochemical environments. Because these rims are common on placer grains, it is not possible to rely on surficial analysis of placer grains to ascertain their actual internal composition. Only where grains have been sectioned, revealing their interiors, can one be certain of the actual internal compositions and whether there may be evidence of their presence in a placer deposit at some time in their history. Elemental mapping of gold and silver distributions (Fig. 18c) commonly reveals even more clearly how gold-rich rims have developed on grains of placer gold. The duly diligent examination of the Bre-X deposit included careful microscopic examination of the supposed lode gold in some of the ore samples. Danielson & Whyte (1997) reported that "it was the shape, not the size, of the gold grains that stood out ... rounded with beaded outlines ... rounding and beading are characteristic of placer grains .... some of these ... gold grains had cores of gold-silver alloy, which graded outward to a rim with more gold. This was another clue: 'hardrock gold', more often than not, is actually an alloy containing some silver. But when the grains are re-concentrated as placers, ... the silver reacts with air and water, leaching away and leaving a spongy, gold rich edge". Indeed, the placer gold used to "salt" the Bre-X cores bore the characteristic textural signature attesting to its origin, and helped in revealing the scam for what it was.
A different tale of gold is shown in Figure 19 , in which gold grains are coated with magnetite. According to stories from the gold rushes in Alaska, samples such as this were separated from placer gold as worthless magnetic materials and collected into barrels. Only some time later did someone realize that the magnetic materials actually commonly coated gold grains and that a considerable fortune had been missed by the original miners. Whether the story is true of not, the texture reveals a plausible tale where employment of the wrong technique of separation could be costly.
Tales of corrosion
The study of the corrosion of metals was long left in the hands of metallurgists, but in recent years ore mineralogists have recognized that many corrosion phenom- ena are appropriate subjects for applied ore mineralogy. The corrosion process is in many cases a mini-experiment in which ore minerals and their analogues are forming in much the same manner as syngenetic ores; the principal difference is that the metal is derived from a local source, such as a weathering pipe, coin, or artifact, instead of an unknown distant source. Examples of corrosion discussed here involve coins from 18th and Fig. 18 . Textures of gold grains may provide evidence of their origin and history. Where precipitated from a hydrothermal fluid, gold grains are generally homogeneous. In contrast, placer grains from a wide variety of environments typically exhibit a well-defined gold-rich rim. The upper optical light image reveals a well-developed gold-rich rim on a placer grain. The lower gold (left) and silver (right) X-ray maps made with the electron microprobe confirm the high purity of gold and the absence of silver in the rim. The presence of such rims in samples from the Busang deposit in Indonesia helped confirm that the deposit had been salted. The widths of the fields of view are 0.8 mm.
19th Century sunken Spanish galleons. The first example is a Spanish Piece of Eight, or Eight Real Piece, minted in 1800 in Lima, Peru, and which went down with the Santa Leocadia off the coast of Ecuador in 1827. It lay on the sea floor until it was recovered by American military men stationed in Ecuador in the 1940s. The coin was completely encased in a mass of detritus and recognizable as a coin only because of its shape and proximity to other coins that were not so corroded. Preparation of a polished section showed the 90% silver, 10% copper coin was surrounded by layers of corrosion products and a shell of detrital fragments completely cemented by silver and copper sulfides (Fig. 20a) . The sulfur was presumably derived from seawater sulfate by bacterial reduction in the surrounding sediments. The bulk of the corrosion products consists of copper-bearing acanthite with local disseminations of covellite and mckinstryite (Fig. 20b) . In addition, there is local replacement of residual shell fragments in whole or in part by atacamite. Preliminary studies of another coin, a four Real coin, which lay in the wreck of the Infante from 1733 until the 1980s, showed a somewhat similar pattern of corrosion, with cementation of surrounding sediment and development of concentric corrosion-induced rims. The dissolution of silver and its subsequent reprecipitation have not only incorporated sand grains but also some fragments of marine biota (Figs. 21a and b) .
Ore minerals and analogues in pollution
The ore minerals have served as our sources of metals for thousands of years. Today, some of the same minerals and various anthropogenic (at least in part) analogues may be viewed as pollutants. Pyrite, although rarely a valued mineral in most ore deposits, has become the focus of considerable attention because it is so often responsible for the generation of significant amounts of acid, which may severely damage soils and waterways. The billions of tonnes of coal waste and old mine tailings that now lie exposed continue to release large quantities of acid and can simultaneously release a variety of metals into the environment.
Lead is a metal which, despite it use by humankind for millennia, is toxic to humans and wildlife. Studies of some of the lead materials and their corrosion phases are yielding tales that continue to unfold. For example, expended lead munitions of the types widely used in hunting and recreational shooting throughout the world have prompted detailed examinations of the nature of the corrosion phases that develop on surfaces as the lead lies in soils and waterways. In the United States, the total amount of lead released into the environment has been more than four million tonnes in the 20th Century (based on data of the U.S. Bureau of Mines and U.S. Geological Survey). No doubt, proportionately large quantities have been released by similar activities in many parts of the world. Figure 22a shows how corrosion layers of FIG. 19 . Gold grains from some Alaskan placers are encased in magnetite, and were discarded as useless when magnets were used to separate gold from what was believed to be worthless magnetic materials. The width of the field of view is 0.8 mm across.
lead oxides and carbonates develop around the margins of expended weathering shotgun pellets. Figure 22b shows how initially inhomogeneous shot, hardened by the addition of small amounts of arsenic, antimony, and copper, weathers selectively such that the lead (the light phase in the center of the small pillow-like structures) is converted into lead carbonates (darker filling of the same structures) near the weathered margin. The photomicrographs also show that the interstitial phase, enriched in the other metals, remains more resistant to weathering. The somewhat comforting tale here is that the lead does, indeed, react rapidly to form corrosion layers; however, the secondary phases forming are less soluble than the lead and hence serve to significantly reduce the release of lead into the environment. Furthermore, the other metals seem to be less reactive than lead and are retained in the weathering rind of the munitions rather than being released during weathering.
CONCLUDING COMMENTS
Ore minerals, valuable as they are to modern society, can actually yield more than just metal. Their textures, like words in a book, commonly record the history of ore deposition and subsequent changes that may have occurred in responses to changing physical and chemical conditions during and after deposition. Accordingly, detailed study of ore minerals, from the macro-to the micro-scale, may lead to the deciphering of their origins, and thus aid in the search for new ores, and new ways of optimizing the extraction of metals. In corrosion and pollution, the behavior of metals mimics the processes of ore formation and alteration. Consequently, the textures developed by such processes may be interpreted in similar ways and, conversely, can provide insight into processes of ore formation. Ore-mineral textures have many tales to tell; we must learn to read them carefully and learn to decipher them effectively. 
